Linking smallholder farmers to large enterprises could be a powerful mechanism to improve input and output markets as well as other productivity-enhancing services for liquidity constrained smallholders. Dairy hubs promoted by East African Dairy Development project are collective farmer-owned milk bulking and/or chilling plants through which farmers get access to output markets and inputs as well as other services necessary for their dairy enterprises. The hubs act as a linkage between large processors and smallholder dairy farmers. They enable farmers to supply milk to large dairy processors who are emerging key players in the East African dairy industry. In addition to the different forms of linkages with large processors, these hubs also differ in their level of growth toward sustainability. In light of this background, this work aims to provide evidence on the effects, at farm level, of different types of linkages between smallholder dairy farmers and large processors through dairy hubs. The study uses cross-sectional survey data collected from 993 smallholder livestock keeping households living within the dairy hubs' catchment areas in Kenya and Uganda. Statistical tests on technical efficiency estimates from dairy farm enterprises were conducted in order to provide evidence of the effects of the types of processor linkages on the performance of the dairy farm enterprises. The results provide evidence of no strong influence at farm levels that can be attributed to different forms of linkages with processor that dairy hubs adopt. Moreover, though hub sustainability is directly linked to the producer organization's efficiency level, our results show that it does not sufficiently translate to more productive farmers. These findings call for concerted efforts by development agents in the dairy sector, policy makers, and even large processors to intervene in order to support improved farm performance. As evident from the study, one direct policy tool at the disposal of these agents is extension messages. [EconLit citations D24; L25; Q12]. C
INTRODUCTION
East African economies are still agriculture-based (Ranja, 2003; Salami, Kamar, & Brixiov, 2010) , in the light of rapidly developing service sector (World Bank, 2015) . Agricultural sector accounts for about 75% of the labor force in these countries, underscoring its importance in job creation and poverty reduction across countries (Salami et al., 2010) . Within this sector, livestock contributes about 40% of the global value of agricultural output and supports Tanzania, the project was started in 2014. The project facilitates access by smallholder dairy farmers to milk markets, production inputs, and dairy-related services while also enhancing production capacity of farmers through extension services. EADD project, implemented by a consortium of international non-profit organizations, aims to increase dairy production and improving dairy farmers' net income, through the hub approach.
The hubs are a form of collective marketing mechanism that provide linkages for market access and input acquisition to dairy farmers through the economies of scale in bulk selling of milk, access to input credit as well as other dairy-related services, and convenient payment arrangements that are beneficial to farmers' circumstances (Gelan & Muriithi, 2010) . Specifically, the hubs are farmer-owned and managed (through dairy farmer POs) milk collection centers with chilling and/or bulking facilities where smallholder farmers can deliver milk; the milk from these farmers is bulked to form large quantities of milk that is either sold directly or chilled before being sold to processor, traders, or direct consumers. In addition, through the hubs, the farmers can access dairy-related inputs, services such as animal health services and products, feeds, breeding services, and financial services (for instance, village banks and input credit). Milk collection and marketing form the central core of the hubs and is augmented by making different services and input accessible to farmers.
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In its second phase of implementation (EADD phase II), EADD has supported over 50 hubs in selected sites (milksheds) in Kenya, Uganda, and Tanzania. The project countries and sites were selected based on several criteria that define their potential in dairy and market access (see Mutinda, Baltenweck, & Omondi, 2015) .The project aims at having all the supported dairy hubs on a path to sustainability and eventually becoming self-sustaining by the end of the project's implementation period which is scheduled for 2018.
As elaborated by Rao, Omondi, Karimov, and Baltenweck (2016) , the hubs remain purely farmer-owned with development partners (EADD) only playing a facilitative role through capacity building at both farmer and hub management level, and sharing of lesson (from performance evaluations) that can enhance farm and hub level performance and thus move hubs toward sustainability. PO sustainability assessment studies are conducted by EADD as part of hub performance evaluations and are based on a tool developed around 7 key pillars (dimensions) of sustainability (Table 1) .
On the other hand, the hubs, by organizing access to inputs and milk markets, reduce transaction costs both for suppliers (farmers) and buyers of milk (processors/traders/local consumers) thus improving margins from dairy production (Rao et al., 2016) . Through bulking and chilling, the hubs enable farmers to supply milk to large dairy processors, who are the main players in the dairy output market, and other market outlets. Different forms of linkages with large processors have been established by the hubs. Some hubs sell milk exclusively to processors, i.e., "pure processor" approach hubs whereas others sell milk to diverse outlets with large processors being just one of the clients, i.e., "mixed-linkage" approach hubs. As explained by Rao et al. (2016) , selling to more than one outlet is a risk-managing strategy through which hubs may take advantage of potentially higher prices in non-processor outlets. Although processor prices may be low, the option offers stable prices and hence more stable revenue flows for associated farmers throughout the year, non-processor prices are subject to wide fluctuations that may erode gains from periods of higher milk prices. Consequently, depending on the share of hub's milk going to non-processor outlet, farmers attached to such hubs may experience lower prices on average and hence lower revenues. Differences in market outlets therefore imply differences in revenues that a hub can generate and also differences in the certainty, by farmers, of a stable flow of incomes. We hypothesize that these differences would trickle down to farmers in terms of revenues that farmer receive from sale of milk, certainty of an income stream, and 2 The access can either be through PO-owned input shops and hired technicians or through affiliation arrangements by the POs with private providers. The inputs are therefore physically and financially accessible to farmers through different arrangements, for instance, cash, input credit, or check-off system, which is a form of input-output interlocking transaction. For emerging hubs with low milk volumes for bulking, the services and input provision is centered around particular services or service providers instead of a milk collection center. consequently the farmers ability to access inputs, thus impacting on the performance of their smallholder dairy enterprises. In addition to the different forms of linkages, the hubs differ in the level of development (i.e., growth stages toward sustainability). This study provides evidence on the farm impacts of different types of linkages between smallholder dairy farmers and large processors through dairy hubs. Using data collected from smallholder dairy farm households living within the hubs' catchment areas in Kenya and Uganda (hubs participants and non-participants), we compare farm performance (technical efficiency) of smallholder dairy farmers participating in hubs that have different processor linkages (i.e., "pure processor" linkage versus "mixed linkage" approach). Moreover, comparisons are made between the performances of smallholder dairy households by level of hub development (level of hub sustainability). Overall, findings show no strong influence at farm levels that can be attributed to different forms of linkages that dairy hubs adopt. Hub maturity is linked to the PO efficiency level but does not sufficiently translate to more productive farmers.
METHOD

Sampling and Data Collection
Cattle-keeping households in EADD-supported hubs catchment areas were surveyed as part of a baseline survey for the second phase of EADD project (EADD phase II). Two key performance indicators for EADD, increasing productivity (i.e., milk production per cow) and income from milk production, were the main response variables used in estimating the required sample size. Due to the large number of hubs in Uganda, stratification by cattle production system (intensive versus extensive/semi-intensive) was done, for Uganda, in order to estimate the required sample size that is sufficient to elicit the desired response. Though the baseline survey was conducted in Kenya, Uganda, and Tanzania, we did not include Tanzania in this study because it was a new project country with most of the hubs not established or just starting. Consequently, all the dairy hubs supported by EADD phase II in Kenya (8 in total) and a sample of the hubs (24 out of 33) in Uganda were included in a household survey conducted between October and December 2014.
Geo-spatial random sampling technique was used to randomly select the smallholder dairy farm households living within each of the hubs' catchment area in Kenya and Uganda, respectively. The hubs' catchment area covered Nandi East, Nandi North, Nandi south, Sotik, Narok South, Trans Nzoia, and Wareng districts in North and South Rift, Kenya. In Uganda, the hub catchment areas spanned across 13 districts, i.e., Isingiro, Ibanda, Kiruhura, Ssembabule, Masaka, Mukono, Jinja, Kayunga, Kamuli, Kyankwanzi, Wakiso, Kiboga, and Mityana districts. In total, 993 cattle-keeping farm households, 322 from 8 EADD-supported hubs in Kenya and 671 from 24 EADD-supported hubs in Uganda, were included in the analysis. Using a structured questionnaire, data on household socio-demographic characteristics, livestock assets, milk production and utilization, and input use were collected from these households through personal interviews.
In addition to the household survey data, information regarding market outlets used by the dairy hubs, their linkages with processors and other market outlets, were collected between September 2014 and January 2015, from monthly business reports submitted to EADD by the hubs. A PO sustainability assessment study, conducted in March 2015, was used to obtain information on the hubs' levels of sustainability.
Data Analysis
This study used cross-sectional farm level data to analyze the effects of the processor linkage and levels of hub development on the performance of dairy farms. Economic performance can be assessed using efficiency measures such as technical efficiency (TE) and productivity (Coelli, Rao, O'Donnell, & Battese, 2005) . Consequently, to assess the relationship between the types of linkages between large-scale processors and the dairy hubs on one hand and farm level impact on the other hand, we estimate TE of the smallholder dairy farmers alongside other descriptive statistics.
Using the data collected from the PO sustainability assessment study and the household survey, we compare TE of farmers in dairy hubs that have different types of linkages with processors. Two types of linkages are explored: (i) "pure processor linkage" whereby all the milk is sold to dairy processors, (ii) "mixed linkage" approach where milk is sold to a mixed set of buyer, i.e., local consumers/traders/processors.
Technical Efficiency Estimation
. TE relates to the degree to which a farmer produces the maximum feasible output from a given bundle of inputs, or uses a minimum feasible amount of inputs to produce a given level of output (Farrell, 1957) . The alternative approaches to measuring productive efficiency suggested in literature are grouped into parametric frontiers and non-parametric frontiers (i.e., techniques where the functional form of the efficient frontier is pre-defined or imposed a priori and those where no functional form is pre-established but one is calculated from the sample observations in an empirical way (Murillo-Zamorano, 2004) ).
Non-parametric frontiers do not impose a functional form on the production frontiers and do not make assumptions about the error term. The non-parametric approach has been traditionally assimilated into Data Envelopment Analysis (DEA), which is a linear-programming-based technique developed by Charnes, Cooper, and Rhodes (1978) . As mentioned, efficiency frontier is constructed with the help of linear programming technique that puts most efficient farms in the frontier ray. The distance between this ray and the location of other farms which are not in this ray provides efficiency measure. Unlike stochastic frontier approach (a parametric approach that deals with stochastic noise and permits statistical tests of hypotheses pertaining to production structure and the degree of inefficiency), DEA does not require any assumption about any functional form and hence, does not distinguish between technical inefficiency and statistical noise effects. The main advantages of the DEA approach are that it avoids parametric specification of technology as well as the distributional assumption for the inefficiency term (Sharma, Leung, & Zaleski, 1999) . Moreover, DEA results are very sensitive to outliers (Cesaro, Marongiu, Arfini, Donati, & Capelli, 2009) . Any approach has its advantages and disadvantages. Wadud and White (2000) point out that the choice of methodology must be based on the available data and the question under investigation. Usually there is no common way in the choice of particular method and is decided in a case by case merit (Karimov, 2013) . In this study, we adopt a DEA framework.
We constructed the DEA model assuming that each dairy farm household produces a quantity of output (y i ) using multiple inputs (x * i ), and each farm (i) is allowed to set its own set of weights for both inputs and output. The data for all farm households are denoted by the K × N input matrix (X) and M × N output matrix (Y). Using piecewise technology, an input-oriented measure of TE can be calculated for the ith farm as the solution to linear programming (LP):
Subject to:
In Equation (1), θ is the TE score having a value 0 ≤ θ ≤ 1. If the value equals 1, the farm is on the frontier. The vector λ is an N × 1 vector of weights which defines the linear combination of the peers of the ith farm. The constant returns to scale (CRS) model is only appropriate when the farm is operating at an optimal scale (Coelli et al., 2005) . However, factors such as imperfect competition and financial constraints may prevent a farm from operating at an optimal scale (Nargis & Lee, 2013) . Most developing countries are characterized by market imperfections due to high transactions costs and imperfect information (de Janvry, Fafchamps, & Sadoulet, 1991) . Dairy farms in the study area are not an exception. Consequently, Equation (1) was transformed to the variable returns to scale (VRS) technology model by adding the convexity constraint: N1λ = 1, where N1 is an N × 1 vector of ones and λ is an N × 1 vector of constant.
The output variables in the DEA analysis included milk yields (per cow per day), and income from sale of cattle and fodder. On the other hand, the inputs included: labor costs (man hours, both family and hired labor), animal health costs (i.e., routine preventive and curative measures), breeding costs (artificial insemination and/or bull services), feeds and feeding costs (i.e., cost of purchased fodder, costs of purchased or homemade supplementary feeds, feedprocessing service costs, area of grazing land, area under the main fodder, i.e., Napier grass and costs of water), and other costs (costs of attending training and costs of extension services). All the costs were estimated on an annual basis per tropical livestock units (TLU) a farmer owns. TLUs are livestock numbers converted to a common unit using TLU equivalents (see Table A1 in Appendix for the conversion rates used). This is the most common method of comparing livestock of different sizes and species in the tropics and is based on the body weight of a cow weighing 250 kg compared to other animals.
Technical efficiencies of the farms were estimated from a single stage with multi-input and multi-output DEA framework.
RESULTS AND DISCUSSION
Dairy Hubs' Profile in Kenya and Uganda
Descriptive analysis reveals that approximately 31,700 smallholder dairy farmers were registered as suppliers in the dairy hubs in the two countries by March 2015 (Table 2 ). In total, these dairy hubs supplied processors and other market outlets with an average of 82,700 liters of milk per day (between September 2014 and March 2015). The dairy hubs in Kenya were all chilling plant hubs with 2 of the hubs adopting "pure processor linkage" approach and 6 hubs adopting "mixed linkage" approach. Nine (9) hubs in Uganda adopted a "pure processor linkage" approach. In both countries, these hubs were at different levels of sustainability.
Socio-Economic Characteristics of Farmers in Kenya and Uganda
Dairy farmers in the two countries had a mean age of 51 years and an education level of about 7 years of schooling. These farmers (household heads) had, on average, 21 years of farming Table 3 , the farmers in Uganda had significantly lower education level and farming experience compared to their Kenyan counterparts. Moreover, the farmers in Uganda had a significantly larger household size and herds of cattle than Kenyan farmers.
In terms of participation in EADD-supported producer organizations (the dairy hubs), it is worth noting that participation in the dairy hubs, either by delivering milk or accessing services offered by the hubs or hub-affiliated service providers, is not restricted to membership in the hubs, i.e., non-members of the POs can also deliver their milk to the hub and access the services, albeit at slightly different terms of payment arrangements. It is also worth noting here that an analysis of the data used in this study revealed that 100% of hub participants delivered milk to the hubs but about 20% of the participants did not use any services from the hubs.
The information presented in Table 3 seeks to explore the differences between participants versus the rest of the population. The results shown in the table reveal that the strongest (highly significant) factor that differentiates the households is the cattle (TLU) owned by the households. Participants in EADD hubs have significantly higher number of cattle than their non-participating counterparts (t = −4.47, 320df p < 0.01 for Kenya and t = −8.05, 669df p < 0.01 for Uganda).
However, within the participant group, it was expected that participation in EADD-supported hubs would not necessarily imply explicit uniformity among farmers because, in addition to other household socio-economic factors, the hubs adopt different type of linkages with their buyers and are at different levels of sustainability. From the total sample size of 993 farm households in Kenya and Uganda, 362 households (83 in Kenya and 279 in Uganda) live within the catchment areas of hubs that operate under a "pure processor linkage" approach. On the other hand, 631 farmers (239 in Kenya and 392 in Uganda) live within the catchment areas of hubs that operate under a "mixed linkage" approach (i.e., linked to local consumers/traders and/or processors). Within each country, the only variables (among the selected variables presented in Table 3 ) that showed the strongest significant difference between these two groups of households is herd size and Household Head's number of years of schooling in Uganda.
When differentiating hub participants (81 in Kenya and 112 in Uganda) into those linked to POs following a "pure processor" approach compared to the "mixed linkage" approach, results showed little difference: mean household size was larger (t = 1.97, 79df, p > 0.1) in Kenya among those linked to POs following "pure processor linkage" approach. In Uganda, the mean level of education was lower (t = −2.62, 110df, p > 0.05) and mean herd size larger (t = 1.98, 110df, p > 0.05) in households linked to POs following "pure processor linkage" approach. Except for the said variables, these households are near-similar in terms of their socio-demographic characteristics, implying that any differences in their productivity and input use could be stemming from other factors other than the said socio-demographic characteristics. Therefore, subsequent analysis focused on whether or not, the type of hubprocessor linkages (i.e., "pure processor" linkage approach versus "mixed linkage" approaches) with farmers, indirectly through the dairy hubs, had significant influence on productivity and input use at farm level. Subsequent subsections discuss the results of this analysis.
Farm Performance
This section presents descriptive statistics of variables used in the estimation (Table 4) as well as TE analysis (Tables 5 and 6 ).
Variables Used in the Estimation of Technical Efficiencies.
The estimation of TE at farm level involved singling out variables that form outputs and inputs in the dairy enterprise. In this study, the output variables included total milk yield per cow per lactation day and total income from sale of cattle and fodder in the 12 months preceding the survey. Inputs include labor costs (measured in man-hours), animal health and breeding costs, feeds and feeding costs (i.e., purchased concentrates and fodder, feed processing costs and own-produced fodder and forage-grazing land and acreage of Napier grass planted), and other costs (training, extension, and water) incurred in the same period. All inputs are totals for the 12 months preceding the survey and were measured per number of cattle kept (in TLU). From a sample Note: n = number of observation; %= percentage of households in the sample. size of 993, TE estimates were derived for 523 farmers who had lactating cows at the time of the survey. The results in Table 4 reveal that, apart from land allocated for grazing, there is no statistically significant difference in farmers' characteristics across the hub-processor linkages in Kenya. In Uganda, farmers living around hubs that adopt "pure processor linkage" approach have comparatively higher yields and spent more on labor compared to farmers around hubs following a mixed approach. However, there is no significant difference between farmers linked to the two different forms of linkages in terms of access to inputs that hubs promote (i.e., breeding, animal health, and purchased feeds-presented in Table 4 as total other cost of dairying).
Technical Efficiency Differentials among Dairy Farms in Kenya and Uganda.
From the DEA results obtained in this study, Table 5 shows the distribution of TE scores estimated for the 523 farms (233 from Kenya and 290 from Uganda-out of which 65 and 77 were hub participants of the hubs in Kenya and Uganda, respectively). TE scores were classified into four intervals to show possible clustering of efficient or inefficient dairy farms across the dairy hubs. Farms with efficiency scores of 0.25, for instance, would need to increase output by 75% to reach the efficiency frontier without any increase in the level of inputs used in the process of production. In Kenya, there were fewer farmers with low TE estimates among those participating in hubs with a "pure processor" linkage approach, i.e., 23.53% of hub participants in "pure processor" linkage approach hubs had efficiency level of 0.25 or less, compared to 35.42% of active members of hubs with a "mixed linkage" approach. The same trend is observed for Uganda as well as when considering all farmers within the hubs catchment areas (Table 5) . However, mean TE (Table 6 ) differed significantly (p < 0.05) only among hub participants in Kenya, with those linked to "pure processor" linkage approach hubs being more efficient than those liked to "mixed linkage" approach hubs. There was no statistically significant difference when considering the entire sample population in Kenya, and in all farmer categories in Uganda.
One observation with great implications is that 43% and 35% of hub participant households within hubs with "mixed linkage" approach in Uganda and Kenya, respectively, had TE scores less than 25%. Although these numbers are still lower in comparison to numbers related all farmers within the hub catchment area, it requires joint efforts to understand the reasons behind this observation. As seen from the findings in Table 4 , farmers in hubs with "mixed linkage" approach, particularly in Uganda had significantly lower yields and incurred higher labor costs. This insinuates the need for more focused interventions that focus on increasing farmers' managerial skills and also enhancing dairy farm management practices that reduce labor input inefficiency among the farms. These would in turn result in better yields and increased TE levels. In general, it is important to note that there is a need for further research to investigate factors associated with lower efficiency levels within the mixed linkage approach.
Efficiency in an organization is one of the determinants of the organization's sustainable growth (Jegers, 2003) , consequently hub sustainability is directly linked to the producer organization's efficiency level. In regards to dairy hubs' growth toward sustainability, the sustainability assessment exercise (see Table 1 for the dimensions) categorizes POs into 5 stages of growth toward sustainability, with stage 5 representing a fully mature hub that is able to operate on its own without external support. Stages 3 and 4 represent near-mature POs whereas stages 1 and 2 represent young and immature POs, respectively. As seen in Table 2 , hubs in Kenya were all in stages 3 and 4 whereas Uganda had hubs in the whole array of different stages of development except stage 5. Irrespective of the linkages with processors, it is interesting to assess whether farmers linked to hubs at different stages of maturity show different levels of TE. Statistical test (one-way ANOVA) revealed no significant differences between farmers (both participants and all farmers) in terms of their mean TE.
3
These results present information that has implication not only directly to EADD project but also to a wider audience composed of like-minded development efforts in dairy sector. The evidence presented here, that hub sustainability does not necessarily trickle down to farm sustainability in terms of improved performance, showcases the justification for EADD and other dairy development agents supporting similar establishments to re-think of their effort toward achieving both farm sustainability and hub sustainability. While making efforts to support the emergence and growth of sustainable hubs, efforts should be made to also support dairy farmer in improving their performance.
The results observed in this study are congruent to the findings and conclusions by Rao et al. (2016) . Rao et al. observed significant impact on dairy and total household income for households attached to hubs that adopted a "pure processor linkage." Moreover, the study observed that the average treatment effect is larger on total household incomes as compared to dairy incomes and could be attributed to a multiplier effect of dairy revenue, i.e., dairy revenues being used as capital in other household income generating activities thus enlarging the total effect of dairy revenues on household income. This clearly indicates that although the impacts of different forms of linkages with large processors produce a significant impact on incomes at household level, this income is not necessarily re-invested in dairy through efficient use of resources. This is also evident from the household survey data collected in this study which showed that although 100% of participants delivered milk to the hubs, about 20% of them (participants) did not use any services from the hubs. In other words, participation in the hub (through milk delivery) does not directly translate into input use from the hub. Thus, the implication here is that even though linking farmers to large enterprises produces positive impacts on income, the trickle effect of this increased income to the households' productivity and efficient input use in the dairy enterprise is not evident.
CONCLUSION
The purpose of the analysis in this study was to investigate the influence of the linkage between farmers and large enterprises, through collective action (POs that manage dairy hubs), on farm level TE. Although the study uses data generated from a random sample drawn from the hubs' catchment area, implying lower numbers of participant farmers, with a large sample, the farmer distribution (participants vs non-participants) reflects the actual reality on the ground, making the results of this study more generalizable. Results of the study reveal that there is, generally, no strong influence observed at farm levels that can be attributed to different forms of linkages that dairy hubs adopt. In other words, whether hubs link exclusively to large dairy processors or follow a diversified market outlets strategy, it does not translate (either positively or negatively) to farm-level productivity and input use differential. Similarly, hub maturity is linked to the PO efficiency level but does not sufficiently translate to more productive farmers. With evidence from a related study (Rao et al., 2016) , the implication drawn from these studies is that even though linking farmers to large enterprises produces positive impacts on income, there is no evidence of the trickle effect of this increased income to the households' productivity and input use in the dairy enterprise. Because the integration of smallholders into the supply chain is important, with their exclusion from the supply chain being politically unacceptable and socially undesirable, it is imperative to assess and design linkages between large dairy processors and the producer organizations that translate into increased farm productivity. Large processors should be informed that their long-term sustainability depends on performance at farm level and as such, efforts should be made by these processors to reach beyond the hubs in order to elevate farm performance. Moreover, the striking evidence from this study that a considerable proportion of farmers participating in hubs with "mixed linkage" approach are relatively inefficient draws strong implications not only for EADD but also for similar development efforts and policy makers. Consequently, policy and strategic actions around better ways of supporting increased and efficient use of inputs at farm level are necessary to improve farmer performance in input utilization. This directly relates to organizing effective extension and advisory services especially targeting but not limited to hubs that adopt "mixed linkage" approach. This will help improving access to information and increasing adoption of recommended extension messages by participant farmers. 
APPENDIX
